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An excellent solid electrolyte type fuel cell having decreased internal resistance and increased output 
and improved fuel utilization efficiency is provided. The fuel cell includes an air electrode substrate 
made of a perovskite series complexed oxide having the following composition of a formula (La^ 
yAy)M0 3 wherein A is at least one element selected from alkaline earth metals, M is manganese or cobalt, 
and y is 0^y^0.4, a zircon ia solid electrolyte film containing manganese or cobalt solid soluted at at 
least the neighborhood of the interface thereof between the air electrode substrate, and a fuel electrode 
film formed on the solid electrolyte film at a surface opposite to the air electrode substrate, and 
characterized in that it is substantially not provided with a highly resistive layer made of a compound 
containing lanthanum and zirconium at the interface between the air electrode substrate and the solid 
electrolyte film. Methods for producing the fuel cell are also disclosed. 
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This invention relates to a solid electrolyte type fuel cell and a method for producing the same. 
Recently, fuel cells have been noted as power generating implements. The fuel cell is an implement capable 
of directly converting chemical energy included in a fuel to electric energy. As the fuel cell is free from limitation 
of Carnots cycle, the cell is a very promising technique owing to its inherently high energy conversion eff i- 
5 ciency. wide latitude of fuels to be used (naphtha, natural gas, methanol, coal reformed gas, heavy oil and the 
like), less public nuisance, and high electric power generating efficiency without being affected by scales of 
installations. , 

Particularly, as the solid electrolyte fuel cell (referred to as "SOFC", hereinafter) operates at high temper- 
atures such as 1,000°C, activity of electrodes is very high. Moreover, the SOFC has low polarization and rel- 
10 atively high output voltage without requiring any catalyst of an expensive noble metal such as platinum, so that 
energy conversion efficiency is much higher than those of the otherfuel cells. Furthermore, the SOFC is stable 
and has long service life because all the constituent materials of the SOFC are solid. 

In the SOFC. a production technique is necessary of preparing thin and airtight solid electrolyte films as 
quickly as possible at low costs. 
15 At present, stabilized zirconia and lanthanum series perovskite complexed oxides are the most promissing 

and usual materials, respectively, for constituting the solid electrolyte films and the air electrodes of the SOFC 
(Energy Sogo Kagaku 13:2. 1990). 

Usually, production methods of the solid electrolyte films and the air electrodes are classified as dry proc- 
esses and wet processes. Electrochemical vapor deposition (EVD) and thermal spray are typical of the dry 
20 processes, while tape casting, slip casting and extrusion molding, etc., are typical of the wet processes (Energy 
Sogo Kagaku 13-2, 1990). 

If the production is effected by the so-called "gas phase process", such as chemical vapor deposition 
(CVD), or EVD, etc., the apparatus used for the process becomes large, and the surface area that can be treated 
and the speed of the treatment are untolerably small. Moreover, the running cost of the gas phase processive 
25 is expensive, because zirconium chloride in admixture with a helium gas or steam water inadmixture with oxy- 
gen is used. 

If the solid electrolyte film is formed by plasma thermal spray, the film-forming rate can be made large, 
the handling of the apparatus is simple, and relatively dense thin films can be formed. Therefore, plasma ther- 
mal spray has conventionally been used (Sunshine 2, [1], 1981; and Energy Sogo Kagaku 13-2, 1990). 

30 It has also publicly been known to form a solid electrolyte film by solid soluting cerium oxide or zirconium 

oxide with a metal oxide of an alkaline earth metal or a rare earth element, etc., to prepare a raw material for 
thermal spray, adjusting the particle size of the raw material, and plasma spraying the adjusted raw material 
of the thermal spray (Japanese Patent Application Laid-open Nos. 61-198,569 and 61-198,570). 

Meanwhile, the solid electrolyte films formed by plasma thermal spray have usually a porosity of more than 

35 5% reaching even up to 10%, so that they are not sufficiently dense as the solid electrolyte films for use in 
SOFC, and cracks and layer defects occur in the films formed by plasma thermal spray. As a result, leakage 
of a fuel occur of permitting permeation of hydrogen, and carbon monoxide, etc., through the solid electrolyte 
film at the time of operating the SOFC to decrease electric motive force of the SOFC per unit cell thereof than 
usual thereby to lower the output of the SOFC and conversion efficiency of the fuel to electric power. 

40 The inventors previously proposed a technique of at first plasma thermal spraying a solid electrolyte film 

on a surface of the air electrode, and then heat treating the film to densify the same (Japanese Patent Appli- 
cation Laid-open No. 4-115.469 filed on September 4. 1990). However, the inventors have found out after- 
wards, that if the heat treatment temperature is sufficiently high, a highly resistive layer made of electrically 
insulative lanthanum zirconate La 2 Zr 2 07, etc., is formed at the interface between the solid electrolyte film and 

45 the air electrode. 

There is also known a method of forming a film made of a raw material for solid electrolyte on the air elec- 
trode by a wet process, and sintering the film to join the solid electrolyte film to the air electrode. However, if 
the heat treatment is effected at around 1 ,250°C for the purpose, a highly resistive layer consisting of electrically 
insulative lanthanum zirconate LajZ^O/ is formed on the interface between the solid electrolyte and the air 

so electrode, which increases the internal resistance of the SOFC to lower the output of the SOFC. 

Recently, a proposal has been made wherein stabilized zirconia is used as a raw material for solid elec- 
trolyte film, and a perovskite series complexed oxide of a formula (La^ySr^xMOa wherein y is 0^y^0.2, x is 
0<x^0.2 t M is Mn or Co and the A site is stoichiometrically portionally defected is used as the raw material for 
air electrode film (Japanese Patent application Laid-open No. 3-59,953). 

55 The inventors newly studied of using such a defected perovskite series complexed oxide as a raw material 

for a free-standing type air electrode tube of a bottomed tubular shape. As a result, the inventors have found 
out that such a compound has a remarkably high sintering property owing to its rich content of manganese or 
cobalt as compared with that of non-defected perovskite structure. Therefore, the inventors have also found 
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out a new problem in that the sintering of the air electrode tube progresses during the steps of various heat 
treatment of the air electrode tube for forming other cell components to decrease the ability of transportmg an 
oxidizing agent to the interface between the solid electrolyte film and the air electrode tube. 

An object of the present invention is to suppress the reaction between the solid electrolyte film made of 
zirconia and the material for air electrode substrate, decrease the internal resistance of th SOFC. suppress 
the progression of the sintering of the air electrode, and improve the output of the SOFC and utilization effi- 
ciency of a fuel gas used for the SOFC. 

In the first aspect of the present invention, the present invention is a solid electrolyte type fuel cell including 
an air electrode substrate made of a perovskite series complexed oxide having the following composition of a 
formula (L 3l A) M °3 wherein A is at least one element selected from alkaline earth metals, M is manganese 
or cobalt and y is 0^0.4. a zirconia solid electrolyte f ilm containing manganese or cobalt solid soluted at at 
least the'neighborhood of the interface thereof between the air electrode substrate, and a fuel electrode film 
formed on the solid electrolyte film at a surface opposite to the air electrode substitute, characterized in that 
the fuel cell is substantially not provided with a highly resistive layer made of a compound containing lanthanum 
and zirconium at the interface between the air electrode substrate and the solid electrolyte film. 

In the second aspect of the present invention, the present invention is a method for producing a solid elec- 
trolyte type fuel cell, comprising forming an intermediate layer consisting of a manganese compound or cobalt 
compound on a surface of a material for air electrode made of a perovskite series complexed oxide having the 
following composition of a formula (La^yA^MOs wherein A is at least one element selected from alkaline earth 
metals, M is manganese or cobalt, and y is 0^0.4, providing a film made of a material for solid electrolyte 
body on the surface of the intermediate layer to form a layered structure, heat treating the thus obtained layered 
structure to extinguish the intermediate layer while changing the film of the material for solid electrolyte to an 
airtight solid electrolyte film. This method will be referred to as "the first method of the present invention" or 
'the present first method", hereinafter. 

In the third aspect of the present invention, the present invention is a method for producing a solid elec- 
trolyte type fuel cell including a step of forming a film of a material for solid electrolyte on an electrode of the 
cell, comprising forming a film of a material for airtight solid electrolyte on the electrode, providing a compound 
film made of a manganese compound or a cobalt compound on the surface of the material for solid electrolyte 
to form a layered structure, and then heat treating the layered structure to change the film of the material for 
solid electrolyte film to an airtight solid electrolyte film. This method will be referred to as "the second method 
of the present invention" or "the present second method", hereinafter. 

For a better understanding of the present invention, reference is made to the accompanying drawings, in 
which: 

Figs. 1a-1 e are cross-sectional views for explaining sequential steps of forming an air electrode substrate 
27, a solid electrolyte film 26A and a fuel electrode film 28; 

Figs. 2a-2c are cross-sectional views for explaining the steps of forming an intermediate layer 25; 

Fig. 3 is a schematic cross-sectional view of an embodiment of an SOFC to which the present invention 

is applicable; 

Fig. 4 is a diagram for explaining a method of measuring an electric resistance; 

Fig. 5 is a block diagram for explaining a method of measuring an N 2 permeation coefficient; 

Fig. 6 is a characteristic graph of a thermal sprayed solid electrolyte film showing a relation between the 

heat treatment and N 2 permeation coefficient of the film; 

Fig. 7 is a characteristic graph of a thermal sprayed solid electrolyte film showing a relation between con- 
dition of the heat treatment and the electric resistance of the film; 

Fig. 8 is a photograph taken by a scanning electron microscope (SEM) showing a polished surface of a 
sample of an embodiment of the present invention; 

Fig. 9 is a graph showing a result of line analysis of wave length by EPMAon a cross-section of a sample 
of an embodiment of the present invention; 

Fig. 10 is a photograph taken by a scanning electron microscope showing an interface between the air 
electrode substrate and the solid electrolyte film of the present fuel cell; 

Fig. 1 1 is a photograph taken by a SEM showing a polished surface of a sample of a comparative example; 
Fig. 12 is a graph showing a result of analysis of wave length by EPMAon a cross-section of a sample of 
a comparative example; 

Fig. 13 is a photograph taken by a SEM showing an interface between an air electrode substrate and a 
solid electrolyte film of a sample of a comparative xample; 

Fig. 14 is a characteristic graph showing a relation between an electric current density and a voltage of a 
test piece of the SOFC of an embodiment of the present invention; 

Fig. 15 is a characteristic graph showing a relation between an electric current density and a voltage of a 
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test piece of an SOFC of a comparative example; 

Fig. 16a is a cross-sectional view of a plate-shaped material 24 for air electrode; 
Fig. 16b is a cross-sectional view of the plate-shaped material 24 having an intermediate film 25 thereon; 
Fig. 16c is a cross-sectional view of the plate-shaped material 24 having the intermediate film 25 and fur- 
ther a film 26 of a material for solid electrolyte thereon; 

Fig. 17a is a cross-sectional view of a layered structure having a compound film 27 formed on the film 26 
of Fig. 16c; 

Fig 17b is a cross-sectional view of the laminated structure after the heat treatment; 

Fig. 17c is a cross-sectional view of the heattreated layered structure having a fuel electrode film 29 formed 

thereon; 

Fig 18a is a cross-sectional view of a layered structure same as that of Fig. 16c; 

Fig. 18b is a cross-sectional view of the layered structure of Fig. 1 8a further having a compound film 27a 

formed thereon; 

Fig "19 is a schematic view for explaining a method of measuring a bending strength; 
Fig. 20 is a graph showing N 2 permeation coefficients of solid electrolyte films of embodiments of the pres- 
ent invention and comparative examples; 

Fig. 21 is a photograph taken by an SEM showing a polished surface of a sample of an embodiment of 
the present invention; 

Fig. 22 is a photograph taken by an SEM showing a polished surface of the present invention; and 

Fig. 23 is a graph showing a relation between the electric current density and the voltage of a test piece 

of an SOFC of an embodiment of the present invention. 



Numbering in the Drawings: 

1 ... bottomed tube-shaped air electrode 

1a ... inner space of the air electrode tube 1 

1 b ... bottom portion of the air electrode tube 1 

1c ... tubular portion of the air electrode tube 1 

2.26A ... solid electrolyte film 

3,28,29 ... fuel electrode film 

4 ... oxidizing gas inlet pipe 

4a ... oxidizing gas supply mouth 

5 ... upper plate 

6 ... middle plate 

6a ... round perforation hole 

7 ... exhaust gas chamber 

8 ... cell reaction chamber 

9 ... bottom plate 
9a ... fuel inlet hole 

10 ... fuel gas chamber 
13 ... platinum paste 
14 ... platinum net 

15 ... lead wire 

16 ... impedance analyzer 

19 ... SOFC element 

20 ... oxidizing gas chamber 

21 ... jig 

22 ... adhesive 
23 ... sample 

24 ... material for air electrode 
24A ... air electrode substrate 
25 ... intermediate layer 
25A ... coating 

26 ... film of a material for solid electrolyte 
26A ... solid electrolyt film 

27 ... air electrode substrate 
27A ... compound film 

28 ... fuel electrode film 
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30 ... arm 
31 ... fulcrum 
32 ... suppressor 

According to the present invention, the internal resistance of the SOFC can be decreased to improve the 
5 output of the SOFC, while improving the airtight property of the solid electrolyte film to improve the fuel utili- 
zation efficiency. Moreover, the open porosity of the air electrode can be retained high in the present invention. 

According to the present invention, the whole of the solid electrolyte film is uniformly densif ied, so that the 
airtight property of the solid electrolyte film is improved to increase the fuel utilization efficiency. Also, the 
strength of the solid electrolyte film per se can be remarkably increased, so that reliable SOFC can be mass 
10 produced. 

Hereinafter, the first method of the present invention will be explained in sequence. 
At first, a material 24 for air electrode of a desired shape, such as a plate shaped, as shown in Fig. 1a, is 
prepared which is made of a perovskite series complexed oxide having a composition of the formula (La^ 
yAyJMOa wherein A is at least one element selected from alkaline earth metals, M is manganese or cobalt, y is 
15 0^y^0.4. 

Though A is selected from alkaline earth metals, strontium and calcium are particularly preferable. In the 
above composition, La and A occupy the so-called "A site" of the perovskite structure, while M occupies the 
so-called "B site" of the structure. 

Then, an intermediate layer 25 made of a manganese compound or a cobalt compound is formed on the 

20 surface of the material 24 for air electrode, as shown in Fig. 1 b, preferably by plasma thermal spray. 

Next, a film 26 made of a material containing zirconia for solid electrolyte is formed on the surface of the 
intermediate layer 25 to form a layered structure as shown in Fig. 1c. The film 26 is also preferably made by 
plasma thermal spray. As the raw material for solid electrolyte, a mixture or a solid solution of zirconia and a 
compound (particularly, oxide) of an alkaline earth metal or a rare earth element is preferably used. 

25 The thus obtained layered structure is heat treated to extinguish the intermediate layer 25 from the surface 
of the material 24 for air electrode according to the later-described mechanism. Simultaneously, the film 26 of 
the material for solid electrolyte is changed to an airtight solid electrolyte film 26A. As a result, the airtight solid 
electrolyte film 26A is formed on the surface of the air electrode substrate 27, as shown in Fig. 1d. Thereafter, 
a fuel electrode film 28 is formed on the surface of the solid electrolyte film 26Ato prepare an element of SOFC, 

30 as shown in Fig. 1e. 

Alternatively, process steps as shown in Fig. 2a-Fig. 2c may be adopted. Namely, at first, the material 24 
for air electrode made of the above-described perovskite series complexed oxide is prepared, as shown in Fig. 
2a. Then, a coating 25A containing a manganese compound or a cobalt compound is formed by a wet process 
on the surface of the material 24 for air electrode, as shown in Fig. 2b. Concretely explaining, dipping, slip cas- 

35 tering, or extrusion, etc., is used for the wet process. Next, the coating 25A is heat treated to dissipate a solent, 
etc., used in the wet process to form an intermediate layer 25 made of the manganese compound or the cobalt 
compound, as shown in Fig. 2c. Thereafter, the above process steps as described with reference to Fig.s 1c, 
1d and 1e are followed to prepare an SOFC element. 

According to the present first method, the intermediate layer 25 is provided between the material 24 for 

40 air electrode and the film 26 of the material for solid electrolyte, as shown in Fig. 1c, for example. If the layered 
structure at this stage is heat treated, manganese or cobalt is removed and diffused from the intermediate layer 
25 toward the film 26. As a result, manganese or cobalt is solid soluted in the zirconia solid electrolyte film at 
least at the neighborhood of the interface thereof between the air electrode substrate. According to the inven- 
tors' study, the inventors have found out that the diffused element of manganese or cobalt has a function of 

45 accelerating the densif ication of the film 26. Therefore, by utilizing the function, the zirconia solid electrolyte 
film 26A can be afforded with sufficient airtight property even when the temperature of the heat treatment is 
lower a little. 

Moreover, the inventors have also found out that, by providing the intermediate layer 25, not only the sin- 
tering of the film 26 can be accelerated as described above, but also the reaction between the zirconia in the 
so film 26 and lanthanum in the material 24 for air electrode can be suppressed which reaction forms a highly 
resistive layer made of La22r 2 0 7l etc. Namely, the inventors have found out that even when a sufficient heat 
treatment to cause the film 26 airtight was performed on the layered structure, a highly resistive layer made 
of a compound La^^Oy, etc., was not formed on the interface between the air electrode substrate 27 and the 
solid electrolyte film 26A. 

55 Nevertheless, even in the present invention, a microscopically small amount of a highly resistive com- 

pound, such as La2Zr 2 0 7 , etc., is sometim s formed at the interface between the air electrode substrate 27 
and the solid electrolyte film 26A. However, such a highly resistive compound is not formed continuously in a 
layer form viewed from a photograph of a cross-section thereof taken by a scanning electron microscope. 
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In this way, the highly resistive layer made of the compound containing lanthanum and zirconium can be 
excluded, so that the high electric resistance and the large output decrease of the SOFC element (unit cell) 
caused by the highly resistive layer can be prevented. 

Moreover, the above-described perovskite series complexed oxide in which the A site is not defected is 

5 used as the material 24 for air el ctrode in the present invention. The complexed oxide is stable and the sintering 
thereof is not progressed, at high temperatures of up to about 1 ,550°C. Therefore, even when a sufficient heat 
treatment to cause the film 26 airtight is performed on the whole layered structure including the material 24 
for air electrode, the porosity of the air electrode substrate 27 is not changed substantially. Therefore, the ef- 
ficiency of the SOFC element of generating an electric power is not decreased. 

10 Preferably, the film 26 made of a material for solid electrolyte is formed by plasma thermal spray. Namely, 

plasma thermal spray is technically simple as compared with EVD which is a conventional method of producing 
a dense thin film solid electrolyte, and can form a film by using an usual thermal spray apparatus and an usual 
electric furnace for heat treatment, so that it can be effected at low cost. 

EVD is difficult to produce a plate-shaped solid electrolyte fuel cell, though it can produce a current rela- 

15 tively small tubular solid electrolyte fuel cell. Regarding this point, thermal spray method is applicable to both 
the plate-shaped and the tubular solid electrolyte films. It can also cope with production of the solid electrolyte 
film of a large size, such as an elongated tube or a flat plate of a large surface area. Moreover, in the present 
invention, the thermal sprayed solid electrolyte film is heat treated to make the film airtight. Conventional ther- 
mal sprayed electrolyte films not treated with the heat treatment have microstructures with microcracks and 

20 defects inherent to thermal sprayed films and also have multilayer defects, which are the cause of decrease 
of the electrical conductivity and leakage of the gases. 

In contrast, the thermal sprayed electrolyte film after the above heat treatment has no microcracks and 
defects inherent to the conventional thermal sprayed films, less layer defects, and comparatively sphere- 
shaped or nearly sphere-shaped closed pores by virtue of a movement of the material for electrolyte films to- 

25 wards the sharp angled surfaces and corners of the cracks thereby attaining microstructures nearly similar to 
the microstructures of solid electrolyte obtained by press forming a powder and sintering the formed powder, 
as well as homogeneous composition. As a result, the electrical conductivity of the thermal sprayed and heat 
treated electrolyte film is equal to that of the sintered bodies to prevent the leakage of the gases. 

As the plasma thermal spray used herein, tow pressure plasma spray has a larger effect than normal pres- 

30 sure plasma thermal spray. However, even when the solid electrolyte film 26 is formed by the normal pressure 
plasma thermal spray, a sufficiently airtight solid electrolyte film 26A can be formed by the subsequent heat 
treatment. 

Preferably, the heat treatment is effected at a temperature of 1, 300-1, 500°C. 

If the temperature of the heat treatment is less than 1 ,300°C, the effect of the temperature influencing on 
35 the airtight property of the solid electrolyte film is not remarkable and a prolonged time is necessary for the 
heat treatment If the temperature exceeds 1,500°C, the solid electrolyte film is excessively sintered and the 
pores are increased. 

As the abovedescribed manganese compound, preferably use is made of Mn, MnO, Mn0 2 , Mn 3 0 4 or a per- 
ovskite series complexed oxide wherein the A site is portionally defected or a mixture thereof. 

40 As the abovedescribed cobalt compound, preferably use is made of Co, CoO, Co 3 0 4 or a perovskite series 
complexed oxide wherein the A site is portionally defected or a mixture thereof. 

The abovedescribed intermediate layer is preferably made of a manganese compound than from a cobalt 
compound, because a manganese compound has a more remarkable effect of making the solid electrolyte film 
airtight than a cobalt compound. 

45 The intermediate layer is preferably formed in an amount of 0.2-8.0 mg per unit area of the material for air 

electrode. If the amount is less than 0.2 mg, the effect of making the solid electrolyte film airtight and the effect 
of preventing the formation of the highly resistive layer are not remarkable, while if the amount exceeds 8.0 
mg, the intermediate layer tends to remain after the heat treatment to deteriorate the characteristic properties 
of the fuel cell. 

50 Preferably, the solid electrolyte film has a manganese or cobalt solid soluted amount of 3-15 mole% at at 

least the neighborhood of the interface between the air electrode. If the amount is less than 3 mole%, the airtight 
property of the solid electrolyte is remarkably decreased, while if it exceeds 15 mole%, precipitation of Mn at 
the time of operating the fuel cell is considerably large. More preferable amount is 5-12 mole%. 
Next, the second method of the present invention will be explained sequentially. 

55 The word "electrode" used in the present second method means an air electrode or a fuel electrode. The 

"electrode" has two modes of embodiment In the first mode of embodiment, the electrode per se is a free- 
standing type substrate. In the second mode of embodiment, a substrate is formed from a porous ceramic, such 
as, zirconia, etc., and an electrode film is provided on a surface of the substrate. 
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Hereinafter, for facilitating the understanding of the present invention, explanations will be made ^on the 
caseofusingafree-standingtyp air lectrod substrate. However, of course, the present is applicable to other 

tvDe of air electrode substrate. , . 

At first, a material 24 for air electrode of a desired shape, such as, a plate shape, is prepared as shown in 

F ' 9 * Then an intermediate film 25 made of a manganese compound or a cobalt compound is formed on a sur- 
face of the material 24 for air electrode, preferably by plasma thermal spray, as shown in Fig. 16b. 

Subsequently, on a surface of the intermediate film 25 a materialfilm 26 for solid electrolyte is formed made 
of a material containing zirconia for solid electrolyte, as shown in Fig. 16c. The film 26 is preferably formed 
also by plasma thermal spray. As the material for solid electrolyte, use is made of a mixture or a solid solution 
of zirconia and a compound (particularly oxide) of an alkaline earth metal or a rare earth element 

Thereafter on a surface of the material film 26 for solid electrolyte is formed a compound film 27 made 
of a manganese compound or a cobalt compound, as shown in Fig. 17a. The thus obtained layered structure 
is heat treated to extinguish the intermediate film 25 and the compound film 27 according to the later-described 
mechanisms. Simultaneously, the intermediate layer 25 is extinguished from the material 24 for air electrode, 
and the material film 26 for solid electrolyte is changed to an airtight solid electrolyte film 26A. leaving the air- 
tight solid electrolyte film 26A formed on the air electrode substrate 24A, as shown in Fig. 17b. Afterwards, a 
fuel electrode film 29 is provided on a surface of the solid electrolyte film 26A, as shown in Fig. 1 7c. 

An alternative method of forming the compound film by a wet process will be explained sequentially, here- 
20 inbelow. 

At first, an intermediate film 25 and a material film 26 for solid electrolyte are formed sequentially on a 
material film 24 for air electrode, as shown in Fig. 1 8a. Next, on a surface of the material film 26 for solid elec- 
trolyte is formed a compound film 27A containing a manganese compound or a cobalt compound by a wet proc- 
ess, as shown in Fig. 1 8b. Concrete examples of the wet process are dipping, spray coating and screen printing, 
25 etc. Subsequently, in the same manner as explained with reference to Figs. 17b and 17c, a SOFC element is 
produced. 

If a heat treatment is effected on the layered structure as shown in Fig. 1 7a, manganese or cobalt is moved 
and diffused from the intermediate film 25 and the compound film 27 towards the solid electrolyte film 26. The 
inventors have found out that the sintering of the material film 26 for solid electrolyte is largely accelerated par- 
30 ticularly by the diffusion of manganese or cobalt from the compound film 27. Even when the airtight solid elec- 
trolyte film 26A had a thickness of around 200 um, sufficient airtight property, reliability and strength of the 
film were obtained. 

The effects are increased more by the diffusion of manganese or cobalt from the intermediate film 25, be- 
cause such a diffusion accelerates airtightness of the neighborhood of the interface thereof between the air 
35 electrode substrate. 

The material film 26 for solid electrolyte is preferably formed by plasma thermal spray. This is because 
plasma thermal spray is technically simple as compared with a conventional EVD method of producing a dense 
solid electrolyte thin film and can be practiced for forming a film with low cost if only a usual thermal spray 
apparatus and a usual electric furnace for the heat treatment are available. 

40 Though EVD method can produce current relatively small tubular solid electrolyte type fuel cells, it is dif- 
ficult to produce a flat plate-shaped solid electrolyte type fuel cell. In contrast, thermal sprayed solid electrolyte 
film is applicable to both the flat plate-shaped and tubular shaped fuel cells, and can easily cope with production 
of large size solid electrolyte films, such as, elongated tube, large surface area of the flat plate. 

Plasma thermal sprayed films have usually inherent microcracks and defects and also several layers of 

45 layer defects. 

When the electrode is an air electrode made of a perovskite series complexed oxide having a composition 
of the following formula: 

(La, _ yA y )M0 3 

wherein y is 0^y^0.4, and A is an element selected from alkaline earth elements and preferably calcium or 
50 strontium, La and A occupy the so-called "A site" of the perovskite structure and M occupies the so-called "B 
site" of the perovskite structure, if the material film for solid electrolyte is provided directly on a surface of the 
air electrode, a highly resistive layer is formed at the interface between the air electrode and the material film 
for solid electrolyte at the time of the later heat treatment. 

The inventors have found out that, in this case, if the intermediate layer 25 is provided on a surface of the 
55 material 24 for air electrode, a reaction between zirconia in the material film 26 for solid electrolyte and lantha- 
num in the material 24 for air electrod can be prevented. Namely, even when a heat treatment sufficient to 
make the f ilm 26 airtight was effected on the laminated structure, a highly resistive layer made of compounds, 
such as La2Zr 2 0 7 , etc., was not formed at the interface between th air electrode substrate 24Aand the airtight 
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solid electrolyte film 26A. 

Hereinafter, the present invention will be explained in detail with reference to examples. 
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Example 1 

In this embodiment, an example of SOFC to which the present invention is applicable will be explained. 
Fig 3 is a schematic cross-sectional view of an embodiment of such an SOFC. 

* Referring to Fig. 3, an oxidizing gas chamber 20 and an exhaust gas chamber 7 are separated by an upper 
plate 5 the exhaust gas chamber 7 and a cell reaction chamber 8 are separated by a middle plate 6, and the 
cell reaction chamber and a fuel gas chamber 10 are separated by a bottom plate 9. An oxidizing gas inlet pipe 
4 is supported and fixed by the upper plate 5. The middle plate 6 has a round perforation hole 6a which mod- 
erately holds the upper portion of a SOFC element 19. 

The bottom plate 9 has fuel gas inlet holes 9a of a desired size and number. The SOFC element 19 has 
in its interior portion a bottomed tube-shaped air electrode 1 which consists of a tubular portion 1c extending 
vertically in the cell reaction chamber 8 and a substantially half sphere-shaped bottom portion 1 b. The air elec- 
trode tube 1 has an inner space 1a which receives an oxidizing gas inlet pipe 4 inserted therein. An oxidizing 
gas supplying mouth 4a at the end of the inlet pipe 4 opposes the bottom portion 1b. 

The air electrode tube 1 has at its outer circumferential wall a zirconia solid electrolyte film 2 formed there- 
on, and the zirconia solid electrolyte film 2 has a fuel electrode film 3 formed at the outer circumferential wall 
thereof. The SOFC element 19 has an electric current-generating portion in the cell reaction chamber or cell 
electric current-generating chamber 8. and the upper end portion of the electric current-generating portion is 
opened to the exhaust gas chamber 7. 

At this state, if an oxidizing gas, such as, air, etc., is supplied from the oxidizing gas chamber 20 to the 
oxidizing gas inlet pipe 4 as shown by the arrow A, the oxidizing gas discharged from the oxidizing gas inlet 
25 pipe 4 through an oxidizing gas supply mouth 4a is diverted in direction at the bottom portion 1 b as shown by 
the arrow B to flow in the inner space 1 a of the air electrode tube 1 and flowed out to the exhaust gas chamber 
7 as shown by the arrow C. In the meantime, a fuel gas, such as, H 2 or CH 4 , etc., is supplied from the fuel inlet 
holes 9a arranged at the bottom plate 9 as shown by the arrow D and flowed along the outer circumferential 
wall of the SOFC element 19. Due to the flow of the fuel, a flow of oxygen through the solid electrolyte film 2 
30 is generated to react oxygen ions with the fuel at the fuel electrode film 3. 

As a result, an electric current is flowed between the air electrode tube 1 and the fuel electrode film 3. Because 
such a SOFC is used at a high temperature of around 1,000°C, the embodiment as shown in Fig. 3 which was 
constructed without using a sealed portion is considered as a preferable embodiment. 

The fundamental air electrode tube 1 and solid electrolyte film 2 are constituted, of course, according to 
35 the present invention. The present invention is also applicable to a tubular SOFC element of which the both 
ends are opened (namely, not having a bottom portion) or a flat plate-shaped SOFC element, in the same man- 
ner as in this embodiment. 

Hereinafter, concrete experimental results will be explained. 



40 Example 2 

In this example, a sample of an SOFC element is prepared and tested. 

At first, a raw material for air electrode was prepared made of a perovskite series complexed oxide. Namely, 
at first, La 2 0 3 , SrC0 3 and Mn 3 0 4 were prepared as starting raw materials. 
45 Among the starting raw materials, a powder of La 2 0 3 was preliminarily calcined in air at a temperature of 

900°C for 3 hrs. Then, the starting raw materials were weighed in a La:Sr:Mn mole ratio of 4:1 :5, mixed together 
in a pot mill in wet process, formed at a pressure of 1 tf/cm 2 by a mold press, and heat treated in air at 1 ,450°C 
for 1 5 hrs to synthesize a perovskite series complexed oxide. The synthesized product was pulverized to obtain 
a powdery raw material. The thus obtained powdery raw material was analyzed by emission spectrochemical 
so analysis method and X-ray diffraction method to find out that the powdery raw material consists of a perovskite 
series complexed oxide having a composition of Lao.8Sr 0 ^Mn0 3 . 

Then, the powdery raw material was formed under a pressure of 500 kgf/cm 2 by a mold press method, 
and fired in air at 1 ,570°C for 8 hrs. 

The thus obtained sintered body was measured on open porosity by Archimedes method to obtain an open 
55 porosity of 29%. 

A disc of a diameter of 20 mm and a thickness of 2 mm was cut out from the sintered body to prepare a 
material 24 for air electrode as shown in Fig. 1a. 

Then, manganese dioxide Mn0 2 was prepared and plasma thermal sprayed on a surface of the material 
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24 for air electrode to obtain an intermediate layer 25 of a thickness of about 10 \im. In addition, zirconia sta- 
bilized with 8 mole% yttria (8YSZ) was prepared and plasma thermal sprayed on a surface of the intermediate 
layer 25 to form a zirconia film 26 of a thickness of about 100 urn. 

Then the thus obtained layered structure was heat treated in air at 1 ,000°C, 1 ,200°C, 1 ,300°C or 1 ,400°C 
for 3 hrs to obtain a layered structure of a solid electrolyte f ilm 26A and an air electrode substrate 27 as shown 
in Fig 1d. Afterwards, the layered structure was measured on electric resistance for evaluating the electrical 
properties thereof and on N 2 gas permeation coeff icient for evaluating the airtight property thereof. 

At that time, electric resistance of the layered structure was measured on an apparatus as shown in Fig. 
4 Namely a platinum paste 13 of a diameter of 6 mm was formed by a screen printing method on a surface 
of the air electrode substrate 27 and a surface of the solid electrolyte film 26A, respectively, baked in air at 
1 000°Cfor 1 hr to prepare a sample for measurement A platinum net 14 was set on the surface of the platinum 
paste 13 of each sample, and each platinum net 14 was connected to a terminal of an impedance analyzer via 
a lead wire 15. Then, ohmic resistance of the layered structure was measured in air at 1,000°C using an alter- 
nating current impedance method. . , . , 

N 2 gas permeation coeff icient of the layered structure was measured using an apparatus as shown in block 
diagram in Fig. 5. Namely, a desired sample 23 to be tested was set on a jig 21 and the spaces between the 
sample 23 and the jig 21 were sealed by an adhesive 22. 

A surface of the sample 23 was exposed to a pressurized N 2 atmosphere of 2 atm and the other surface 
of the sample 23 was exposed to an N 2 atmosphere of normal pressure (measured at room temperature). At 
this time, the flow rate of nitrogen flowing from the 2 atm side to the 1 atm side was measured by a mass flow 
controller, and an N 2 gas permeation coefficient K (cm 4 g- 1 s-i) was determined by the following equation: 

K = tQ/(AP-A) 

wherein t is a thickness of the sample, Q is N 2 gas permeation flow rate (cm^/s), AP is a pressure differential 
(g/cm 2 ), and A is area (cm 2 ) of the opening of the jig 21 . 
25 At this time, the air electrode substrate 27 was solely set as the sample 23 on the jig 21 to measure an N 2 
gas permeation coefficient Ki thereof, while a layered structure of the air electrode substrate 27 and the solid 
electrolyte film 26A was set on the jig 21 as the sample 23 to measure an N 2 gas permeation coefficient K3 
thereof. An N 2 gas permeation coefficient K 2 of the solid electrolyte film 26A alone was calculated from the 
following formula: 

K 2 = t^KvK^Kvta-t^a) 

wherein t 2 is a thickness of the solid electrolyte film 26A, t 3 is a thickness of the layered structure, and t, is a 
thickness of the air electrode substrate 27. 

The results of the measurements of the samples are shown in Figs. 6 and 7. 
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35 Example 3 

At first, a material 24 for air electrode same as that of Example 2 was prepared as shown in Fig. 2a. Then, 
30 parts by weight of trimanganese tetraoxide Mn 3 0 4 was added to 100 parts by weight of water and agitated 
by a stirrer to obtain a Mn 3 0 4 slurry. The slurry was applied on a surface of the material 24 for air electrode 

40 corresponding to Example 2 by a vacuum dipping method to form a coating 25A of a thickness of about 1 0 um 
as shown in Fig. 2b. At this time, the Mn 3 0 4 was deposited in a layer form in an amount of 1 .8 mg per unit surface 
area of the material 24 for air electrode. 

The thus obtained layered structure was heat treated in air at 1.300°C for 3 hrs to bake and fix the coating 
25A on the surface of the material 24 for air electrode to form an intermediate layer 25 as shown in Fig. 2c. In 

45 addition, a zirconia stabilized with 8 moie% yttria (8YSZ) was prepared, plasma thermal sprayed on a surface 
of the intermediate layer 25 to form a zirconia film 26 of a thickness of about 100 urn. 

Then, the thus obtained layered structure was heat treated in air at 1,000°C, 1,200°C, 1,300°C or 1,400°C 
for 3 hrs to prepare a layered structure as shown in Fig. 1d. Then, the layered structure was measured on elec- 
tric resistance for evaluating the electric properties thereof and on N 2 gas permeation coefficient for evaluating 

so the airtight property thereof. The results of the measurements were substantially the same with those of the 
sample of Example 2 and the differences between the measurements in Example 2 and this Example 3 were 
within measuremental errors. Therefore, the measured values on each sample of Examples 2 and 3 are sum- 
marized and shown in Figs. 6 and 7. 



55 Comparative Example 1 

At first, 8YSZ was plasma thermal sprayed on a surface of a material 24 for air electrode prepared as in 
Example 2 to form a zirconia film 26 of a thickness of about 100 ^m. Then, the thus obtained layered structure 
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was heat treated in air at 1,00Q°C, 1,200°C, 1,300°C, 1,400°C or 1,550°C for 3 hrs to density the thermal 
sprayed films. In order to evaluate the effect of the heat treatment, the films were measured on the same meas- 
urements as those of Example 2. The results of the measurements are shown in Figs. 6 and 7. 

5 Comparative Example 2 

A material for air electrode made of a perovskite series complexed oxide wherein the A site is portionally 
defected was prepared. Namely, at first, La 2 0 3 , SrC0 3 and Mn 3 0 4 were prepared as starting raw matenals. 
Among the starting raw materials, a powder of La^ was preliminarily calcined in air at 900°C for 3 hrs. 
w Then each starting raw material was weighed in a mole ratio of La:SrMn=76:19:100. and mixed together .n a 
pot mill in wet process, formed at a pressure of 1 tf/cm* by a press mold method, and heat treated in air at 

1 450°C for 1 5 hrs to synthesize a perovskite series complexed oxide. The synthesized product was pulverized 
to obtain a powdery raw material. The thus obtained powdery raw material was analyzed by emission speo 
trochemical analysis method and X-ray diffraction method to find out that the powdery, raw material consists 

15 of a perovskite series complexed oxide having a composition of (Lao.aSr 0 Jo.osMnOa. 

Then, the powdery raw material was formed at a pressure of 500 kgf/cm 2 by a press mold method, and 

fired in air at 1 ,420°C for 8 hrs. 

The thus obtained sintered body was measured on open porosity by Archimedes method to obtain an open 

porosity of 27%. 

20 A disc of a diameter of 20 mm and a thickness of 2 mm was cut out from the sintered body to prepare a 

material for air electrode. Then, 8YSZ was prepared and plasma thermal sprayed on a surface of the material 
for electrode to obtain a zirconia film of a thickness of about 100 urn. Thereafter, the layered structure was 
heat treated in air at 1 ,000°C, 1 ( 200°C, 1 ,300°C or 1 ,400°C for 3 hrs to densif y zirconia film. Afterwards, the 
layered structure was measured on electric resistance for evaluating the electric properties thereof and on N 2 

25 gas permeation coefficient for evaluating the airtight property thereof. The results of the measurements are 
shown in Figs. 6 and 7. 

When compared the samples of Examples 2 and 3 with the samples of Comparative Example 1, temper- 
atures of the heat treatment of Examples 2 and 3 necessary for achieving an N 2 gas permeation coefficient 
of an order of 1 0r° are lower by around 1 50°C than that of Comparative Example 1 . This is considered due to 
30 acceleration of the sintering of the film 26 by virtue of the intermediate layer. Also, when compared the electric 
resistance of the samples at the same condition of the heat treatment, the samples of Examples 2 and 3 have 
lower electric resistance than the samples of Comparative Example 1. The samples of Examples 2 and 3 have 
no significant difference from the samples of Comparative Example 2 in electric resistance and N 2 gas per- 
meation coefficient. 

35 Thereafter, each air electrode substrate used in the samples of Examples 2 and 3 was heat treated in air 
at 1 ,000°C, 1 ,200°C, 1 ,400°C or 1 ,500°C for 3 hrs, measured on open porosity by Archimedes method to eval- 
uate heat resistant property thereof. The air electrode substrate used in the samples of Comparative Example 

2 were also measured on open porosity in the same manner. The results are shown in the following Table 1. 

As seen from the results of measurements shown in the above Table 1, the air electrode substrate is not 
40 sintered to decrease the open porosity thereof in the 
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present invention during the process of the heat treatment. Therefore, there is no afraid that the diffusion of 
the oxidizing agent in the air electrode substrate is prevented. 

The samples of Examples 2 and 3 were analyzed as follows. However, the samples were chosen from those 
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that heat treated in air at 1 ,400°C for 3 hrs. The samples were polished on the cross-sectional surfaces thereof 
and observed at the polished surfaces by using a scanning electron microscope (SEM). Photographs taken 
by the SEM are shown in Figs. 8 and 1 0. The photograph of Fig. 1 0 was taken by a more largely enlarged scale 
than that of Fig. 8, in order to clarify the microstructure at the neighborhood of the interfac thereof. 
5 Also EPMA was effected on the cross-section as shown in Fig. 8 to lin analyze the distribution of the ele- 

ments Zr, La and Mn. The results are shown in Fig. 9. As seen from Figs. 8. 9 and 10, the solid electrolyte film 
has a microstructure particularly dens'if led at the neighborhood of the interface between the air electrode sub- 
strate As seen also from the line analysis, manganese is diffused into the neighborhood of the interface be- 
tween the air electrode substrate. A lanthanum zirconate layer was not ascertained by the SEM photographs 

10 and the line analysis. . . 

The above analyses were effected also on the samples of Comparative Example 1 . However, for bringing 
the airtight property, etc.. into line, the samples were chosen from those heat treated in air at 1,550°C for 3 
hrs. Photographs taken by the SEM are shown in Figs. 11 and 13. and line analysis by the EPMA is shown in 
Fig. 12. The photograph of Fig. 13 was taken by a more enlargely enlarged scale than that of Fig. 11 , in order 
15 to clarify the microstructure at the neighborhood of the interface thereof. 

Though the samples of Comparative Example 1 were densified by the heat treatment which was higher in 
temperature by 150°C than the heat treatment used for the samples of the present invention to a same densi- 
f ication extent as that of the samples of the present invention, the samples of Comparative Example 1 have a 
compound layer at the interface between the air electrode substrate and the solid electrolyte film. The com- 
20 pound layer was judged as lanthanum zirconate La^Oj from the results of the line analysis. The lanthanum 
zirconate is an electrically insulative layer and the formation of the compound is considered as a cause of the 
decrease of the electric resistance. 

From the results of these experiments, it can be understood that the internal resistance of the SOFC can 
be decreased, the airtight property of the solid electrolyte film can be improved, and the output of the SOFC 
25 and the fuel utilization efficiency can be improved by adopting the structure of the present invention. 

In order to prove these points in practice, a paste of a nickel-zirconia cermet (Ni:8YSZ=6:4 in volume ratio) 
was screen printed in a round shape of a diameter of 6 mm on a surface of the solid electrolyte film of the sample 
of Example 1 (heat treated in air at 1,400°C for 3 hrs), and baked in air at 1,350°C for 2 hrs. 

A test piece of the thus produced flat plate-shaped SOFC was fixed on a jig. Hydrogen humidized at room 
30 temperature was introduced into the fuel electrode film side of the SOFC, while an oxygen gas was introduced 
into the air electrode substrate side of the SOFC to generate an electric current at 1 ,000°C. A current-voltage 
characteristic graph of the generated electric current was measured, and the results are shown in Fig. 14. 

In the same manner as described above, a fuel electrode film was provided on a surface of the sample of 
Comparative Example 1 to prepare a test piece of a flat plate-shaped SOFC, and a cur rent- voltage character- 
35 istic graph thereof was measured in the same manner as described above, and the results are shown in Fig. 
15. 

As the results of the measurements, open end voltages of the samples of Examples 2 and 3 were 1 ,070 
mV, while that of Comparative Example 1 was also 1,070 mV. Thus, in the sample of the present invention, the 
open end voltage is the same as that of Comparative Example 1 even when the thermal sprayed solid electrolyte 
40 film of the sample of the present invention was heat treated at a temperature lower by 1 50°C than that of Com- 
parative Example 1 . Moreover, short-circuiting electric current of the sample of the present invention is far larger 
than that of Comparative Example 1 , so that the output of the cell of the present invention is considered to have 
been remarkably increased. 



45 Example 4 

The procedure of Example 2 was repeated to prepare the plasma thermal sprayed zirconia film 26 of a 
thickness of about 100 um on the intermediate layer 25. Then, on the zirconia film 26 was plasma thermal 
sprayed manganese dioxide to form a compound film 27 of a thickness of about 10 um. 
so Subsequently, the layered structure was heat treated in air at 1 ,000°C, 1 ,200°C, 1 ,300°C or 1 ,400°C for 3 

hrs to prepare a layered structure as shown in Fig. 1 7b. Thereafter, N 2 gas permeation coefficient and bending 
strength of the airtight solid electrolyte film 26A were measured. 

The measurement of N 2 gas permeation coefficient was performed using the apparatus as shown in block 
diagram in Fig. 5 and in the same manner as described Example 2. 
55 The measured results are shown in Fig. 21 . 

The measurement of bending strength was performed using an apparatus as schematically shown in Fig. 
19. Namely, the sample 23 was mounted on a pair of fulcrums 31 having a span length L and a pair of sup- 
pressors 32 having a span length ? were mounted on the sample 23. The pair of suppressors 32 were fixed 
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by an arm 30. A force was exerted on the arm 30 in a direction as shown by the arrow E to measure a load at 
breakage of the sample 23. 

In this embodiment, the upper span length 2 was 0.5 cm and the lower span length L was 1 .5 cm. Meanwhile, 
from the layered structure as shown in Fig. 17b the air electrode substrate 24Awas removed by a plain grinder 
5 and the remaining airtight zirconia film 26A was worked to a sp cimen of a size of a thickness of 100 um. a 
width of 0.2 cm, and a length of 1 .8 cm. A load at breakage of the specimen was measured by a load cell, and 
a bending strength a (kgf/cm 2 ) of the airtight zirconia film 26A was determined based on the following formula: 

a = 3P(L - f )/2bd 2 

wherein P is a load (kgf) at breakage of the specimen, L is a lower span length (cm), 2 is an upper span length 
10 (cm), b is a width of the specimen (cm), and d is a thickness of the specimen (cm). 

In Example 4, as to the layered structure heat treated at 1 ,400°C, the airtight zirconia film was measured 
on bending strength to obtain a value of 18 kgf/cm 2 . 

Example 5 

15 

At first, a layered structure similar to Fig. 16c of Example 4 was prepared as shown in Fig. 18a. Then, 30 
parts by weight of trimanganese tetraoxide Mn 3 0 4 was added to 100 parts by weight of water and agitated by 
a stirrer to obtain a Mn 3 0 4 slurry. The slurry was applied on a surface of the zirconia film 26 corresponding 
to Example 4 by a vacuum dipping method to form a compound film 27Aof a thickness of about 10 um as shown 
20 in Fig. 1 8b. At this time, the Mn 3 0 4 was deposited in a layer form in an amount of 1 .8 mg per unit surface area 
of the zirconia film 26. 

Then, the thus obtained layered structure was heat treated in air at 1 ,000°C, 1 f 200°C, 1 , 300°C or 1 ,400°C 
for 3 hrs to obtain a layered structure as shown in Fig. 17b. Thereafter, N 2 gas permeation coefficient of the 
airtight zirconia film 26A was measured. The measured values are shown in Fig. 20. Also, as to the layered 
25 structure heat treated at 1 ,400°C, bending strength of the airtight zirconia film 26A was measured to obtain a 
value of 17 kgf/cm 2 . 

Example 6 

30 The procedure of Example 4 was repeated to produce a layered structure consisting of the material 24 for 

air electrode, the intermediate film 25 and the zirconia film 26 as shown in Fig. 16c. The layered structure was 
heat treated in air at 1,000°C, 1,200°C, 1,300°C or 1,400°C for 3 hrs to densify the zirconia film 26. Then, N 2 
gas permeation coefficient of the heat treated zirconia film was measured. The measured results are shown 
in Fig. 20. Also, bending strength of the zirconia film of the specimen heat treated at 1,400°C was measured 

35 to obtain a value of 4 kgf/cm 2 . 

Comparative Example 3 

8YSZ was plasma thermal sprayed on a surface of the material 24 for air electrode produced by Example 

40 4 to obtain a zirconia film of a thickness of about 1 00 um. Then, the thus obtained layered structure was heat 
treated in air at 1 ,000 C C, 1 ,200°C, 1 f 300°C, 1 ,400°C or 1 ,500°C for 3 hrs to densify the zirconia film 26. There- 
after, N 2 gas permeation coefficients of the zirconia film after the heat treatment were measured. The measured 
results are shown in Fig. 20. 

When compared the specimens of Examples 4 and 5 with the specimens of Examples 6 and Comparative 

45 Example 3, N 2 gas permeation coefficients of the specimens of Examples 4 and 5 heat treated at 1 ,400°C are 
on the order of 10- 10 , whereas those of Example 6 are on the order of 10-® and those of Comparative Example 
3 are on the order of 10-*. Thus, it is considered that the sintering of the zirconia film 26 is accelerated in Ex- 
amples 4 and 5 by virtue of the manganese compound films 25 and 27. Also, the bending strength of the spe- 
cimens of Examples 4 and 5 are 4 times or more higher than those of Example 6. 

so The specimen of Example 4 was analyzed in the following way by a photograph taken by a microscope. 
The specimen was that heat treated in air at 1 ,400°C for 3 hrs. The specimen was polished at a cross-section 
thereof and the polished cross-section was observed by a SEM. A photograph taken by the SEM is shown in 
Fig. 21. From the photograph, it can be seen that the airtight zirconia film 26Ahas a microstructure uniformly 
densified from the interface of the air electrode substrate to nearly the surface. 

55 The specimen of Example 6 was also analyzed in the above way. The specimen was that heat treated in 

air at 1,400°C for 3 hrs. A photograph taken by the SEM is shown in Fig. 22. From the photograph, it can be 
seen that the airtight zirconia film has a microstructure not densified near the surface though it was densified 
at the interface between the air electrode substrate. 
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From these experimental results it is understood that the whole solid electrolyte film can be uniformly den- 
sif ied by the adaption of th structure of the present invention, so that the airtight property of the solid electrolyte 
film can be improved to increase the SOFC output and the fuel utilization efficiency. Also, the strength of the 
solid electrolyte film can be remarkably increas d by the densif ication, so that a reliable SOFC can be mass 

produced. . . 

In order to prove these points in practice, a past of nickel-zirconia cermet (Ni:8YSZ=6:4 in volume ratio) 
was screen printed to a round shape of a diameter of 6 mm on a surface of the specimen of Example 4 (heat 
treated in air at 1,400°C for 3 hrs). and baked in air at 1,350°C for 2 hrs. 

A specimen of the thus produced flat plate-shaped SOFC was fixed on a jig, hydrogen humidized at room 
temperature was introduced into the fuel electrode film side of the SOFC, while an oxygen gas was introduced 
into the air electrode substrate side of the SOFC to generate an electric current at 1 ,000°C. A current- voltage 
characteristic graph of the generated electric current was measured, and the results are shown in Fig. 23. 

In the same manner as described above, a fuel electrode film was provided on a surface of the sample of 
Example 6 (heat treated in air at 1,400°C for 3 hrs) to prepare a specimen of a flat plate-shaped SOFC, and 
a current-voltage characteristic graph thereof was measured in the same manner as described above, and the 
same results as shown in Fig. 14 were obtained. 

Also, in the same manner as described above, a fuel electrode film was provided on a surface of the sample 
of Comparative Example 3 (heat treated in air at 1 ,550°C for 3 hrs) to prepare a specimen of a flat plate-shaped 
SOFC, and a current-voltage characteristic graph thereof was measured in the same manner as described 
20 above, and the same results as shown in Fig. 15 were obtained. 

As a result, open end voltage of the sample of Example 4 was 1,120 mV, while those of Example 6 and 
Comparative Example 3 were 1 ,070 mV. In the sample of Example 4, the open end voltage was increased, the 
short-circuiting current was increased, and the output of the unit cell was improved. 

Although the present invention has been explained with specific examples and numeral values, it is of 
25 course apparent to those skilled in the art that various changes and modifications thereof are possible without 
departing from the broad spirit and aspect of the present invention as defined in the appended claims. 
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Claims 

30 

1. Asolid electrolyte type fuel cell including an air electrode substrate made of a perovskite series complexed 
oxide having the following composition of a formula (La^yAyJMOa wherein A is at least one element se- 
lected from alkaline earth metals, M is manganese or cobalt, and y is 0^y^0.4, a zirconia solid electrolyte 
film containing manganese or cobalt solid soluted at at least the neighborhood of the interface thereof 
35 between the air electrode substrate, and a fuel electrode film formed on the solid electrolyte film at a sur- 

face opposite to the air electrode substrate, characterized in that the fuel cell is substantially not provided 
with a highly resistive layer made of a compound containing lanthanum and zirconium at the interface be- 
tween the air electrode substrate and the solid electrolyte film. 

40 2. The solid electrolyte type fuel cell of claim 1, wherein the airelectrode substrate is a structural body having 
a thickness of at least 0.5 mm. 

3. The solid electrolyte type fuel cell of claim 1, wherein the air electrode substrate is a porous body having 
a porosity of at least 25%. 

45 4. The solid electrolyte type fuel cell of claim 1 , wherein the zirconia solid electrolyte film has a manganese 
or cobalt solid soluted amount of 3-15 mole%. 

5. A method for producing a solid electrolyte type fuel cell, comprising forming an intermediate layer con- 
sisting of a manganese compound or a cobalt compound on a surface of a material for air electrode made 

50 of a perovskite series complexed oxide having the following composition of a formula (La^ yA y )M0 3 where- 

in A is at least one element selected from alkaline earth metals, M is manganese or cobalt, and y is 
O^y^O.4, providing a film made of a material for solid electrolyte on the surface of the intermediate layer 
to form a layered structure, heat treating the thus obtained layered structure to extinguish the intermediate 
layer while changing the film of the material for solid electrolyte to an airtight solid electrolyte film. 

55 

6. The method of claim 5, wherein the intermediate layer is formed by plasma thermal spray on the surface 
of the raw material for air electrode. - 
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7 The method of claim 5. wherein the intermediate layer is formed by forming a coating containing a man- 
ganese compound or a cobalt compound on th surface of the raw material for air electrode, and then 
heat treating the coating. 

8. The method of claim 5, wherein the film of the material for solid electrolyte is formed by plasma thermal 
spray. 

9 A method for producing a solid electrolyte type fuel cell including a step of forming a film of a material for 
solid electrolyte on an electrode of the cell, the electrode being an air electrode or a fuel electrode, corn- 
prising forming a film of a material for solid electrolyte on the electrode, providing a compound film made 
of a manganese compound or a cobalt compound on the surface of the material for solid electrolyte to 
form a layered structure, and then heat treating the layered structure to change the film of the matenal 
for solid electrolyte film to an airtight solid electrolyte film. 

10 The method of claim 9, wherein an intermediate film made of a manganese compound or a cobalt com- 
pound is provided on the surface of the electrode and the film of the material for solid electrolyte is provided 
on the surface of the intermediate film. 

11. The method of claim 10, wherein the electrode is an air electrode made of a perovskite series complexed 
oxide having a composition of a formula: 

(Lai - A> M °3 

wherein A is at least one element selected from alkaline earth elements, M is manganese or cobalt, and 
y is 0^y^0.4. 

12. The method of claim 9, wherein the film of the material for solid electrolyte is formed by plasma thermal 
spray. 

13. The method of claim 9, wherein the compound film is formed by plasma thermal spray. 

14. The method of claim 9, wherein the compound film is formed by a wet process. 

15. The method of claim 14, wherein the wet process if selected from tape casting, slip casting or extrusion. 
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FIG. 3 
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FIG. 4 




18 



EP0 524 013 A1 



FIG. 5 
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